The CA125 antigen, recognized by the OC125 antibody, is a tissue-specific circulating antigen expressed in ovarian cancer. The CA125 antigen is encoded by the MUC16 gene cloned by Yin and Lloyd. The full-length gene describes a complex tethered mucin protein present primarily in a variety of gynecologic tissues, especially neoplasms. OC125 and other related antibodies react with glycosylation-dependent antigens present exclusively in the cleaved portion of the molecule. These antibodies are not useful as screening tools, nor can they detect the proximal residual MUC16 protein fragment after cleavage. This has limited its diagnostic and therapeutic applications. Using synthetic peptides, we raised novel-specific antibodies to the carboxy-terminal portion of MUC16 retained by the cell proximal to the putative cleavage site. These antibodies were characterized using fluorescence-activated cell-sorting analysis, enzyme-linked immunoassay, Western blot analysis, and immunohistochemistry. Each of the selected monoclonal antibodies was reactive against recombinant GST-DMUC16 c114 protein and the MUC16-transfected SKOV3 cell line. Three antibodies, 4H11, 9C9, and 4A5 antibodies showed high affinities by Western blot analysis and saturation-binding studies of transfected-SKOV3 cells and displayed antibody internalization. Immunohistochemical positivity with novel antibody 4H11 was similar to OC125 but with important differences, including diffuse positivity in lobular breast cancer and a small percentage of OC125-negative ovarian carcinomas that showed intense and diffuse 4H11. Development of such antibodies may be useful for the characterization of MUC16 biology and allow for future studies in targeted therapy and diagnostics.
A serum assay can detect elevated levels of the circulating CA125 antigen in many epithelial ovarian cancer patients, and this antigen, derived using the ovarian cell line, OVCA433, is recognized by the OC125 antibody. 1, 2 The detection of circulating CA125 in the serum has proven to be a useful tool for the management of ovarian cancer patients and clinical trials. 3, 4 However, CA125 is neither sufficiently sensitive nor specific for general cancer screening. 5, 6 A variety of CA125-linked antibodies, including VK8 and M11, have subsequently been defined as being present in ovarian cancer cells. [7] [8] [9] Although these antibodies have been used to develop serum assays and various other studies in ovarian cancer, they have significant shortcomings for clinical use in screening or tissue delivery.
The sequence of the cDNA-encoding MUC16/ CA125 was described by Yin and Lloyd in 2001 and completed by O'Brien in 2002. [10] [11] [12] Complete MUC16 protein has various components consisting of a cytoplasmic tail with potential phosphorylation sites, a transmembrane domain, and an external domain proximal to an apparent cleavage site. Distal to the cleavage site, the released external domain contains 16-20 tandem repeats of 156 amino acids, each with many potential glycosylation sites. 11 Overall repeat structure is well conserved across mammals, but the repeats are not completely identical in exact amino acid composition.
The MUC16 protein is part of a family of complex tethered mucins that includes both MUC1 and MUC4. 13 MUC1 is present in a variety of tissues and seems to signal through a b catenin pathway, interacts with EGF receptor and mediates drug resistance, and can act as an oncogene. [14] [15] [16] [17] The MUC4 protein is also expressed in a variety of tissues but is common on neoplasms of the gastrointestinal track. [18] [19] [20] In contrast, the CA125 antigen has been more restricted in its distribution and is present primarily in gynecologic tissues and overexpressed in Mu¨llerian neoplasms. 21 However, the CA125 antigen, recognized by the OC125 antibody, is a heavily glycosylated antigen expressed in the tandem repeat region of the larger MUC16 protein. This glycoprotein is typically shed from a putative cleavage site in the extracellular domain of the MUC16 peptide backbone. The vast majority of MUC16-reactive antibodies, including OC125, react with the glycosylation-dependent antigen present exclusively in the cleaved portion of the molecule, so the true distribution of MUC16 expression is not known. 21 There is currently no antibody available to track the fate of the remaining MUC16 protein fragment after cleavage and CA125 release. Such antibodies could be useful for diagnostic and therapeutic applications and biologic studies. Furthermore, studies of membrane receptor trafficking and intracellular events have also been limited by the lack of a specific antibody against the proximal portion of MUC16.
To better explore the biology of human MUC16, we have derived monoclonal antibodies against the extracellular portion of the MUC16-carboxy terminus proximal to the putative cleavage site and 1 monoclonal antibody against the internal cytoplasmic domain. In contrast to prior antibodies, these are derived against the peptide backbone of MUC16 and are not directed at complex glycoprotein epitopes. These antibodies have potential for use in enzyme-linked immunosorbent assay (ELISA), fluorescence-activated cell sorting (FACS), Western blot analysis, immunoprecipitation, and immunohistochemistry. As these epitopes are proximal to the cleavage site, they are unlikely to be found in the circulation and may be novel targets for therapeutic interventions. Herein, we show the identification and characterization of antibodies developed against the MUC16 peptide backbone.
MATERIALS AND METHODS

Cell Cultures
OVCAR3, SKOV3, and A2780 cell lines were obtained through the American Type Culture Collection (ATCC, Manassas, VA) and sustained in culture according to the ATCC literature. For the creation of MUC16+ transfected cell lines, the carboxyterminus portion of the MUC16 cDNA was introduced as green fluorescent protein fusion proteins using the Vitality phrGFP vector expression system (Stratagene, LaJolla, CA). Stable cell lines were selected using geneticin (G418, Invitrogen, Grand Island, NY) in their respective culture media and isolated by expression of Green Fluorescence Protein. Stable transfectants were routinely maintained in G418 in their culture media, respectively. The characteristics of the MUC16 transfectants are described elsewhere and summarized in the supplemental information. The DMUC16 c114 transfectants have cell surface expression of MUC16 protein from the putative cleavage site to the carboxyterminus (AA 1776 to 1890). 12 
Monoclonal Preparation
Using the MUC16 sequence, peptide sequences encoding elements of the DMUC16 c114 amino acid sequence were synthesized at the Memorial Sloan-Kettering Cancer Center (MSKCC) Microchemistry Core Facility. We synthesized 3 polypeptides ( Fig. 1 ) and modified Peptide 1 and Peptide 2 with a cysteine at the N-terminus for better conjugation to KLH. Equal concentrations of the KLH-conjugated peptides were mixed and then used as the immunogen for 5 BALB/c mice. We selected 1 of the 5 mice whose serum showed the highest reactivity to individual peptides by ELISA, and the MSKCC Monoclonal Antibody Core Facility carried out the fusion and selected the antibodies using standard protocols. After 10 days of fusion, supernatants were selected and screened for reactivity by ELISA against the individual synthetic peptides.
ELISA
Sandwich ELISA was carried out to see the positivity of the antibodies to individual peptides and GST-D MUC16 c114 fusion protein after routine core facility protocol for ELISA assay.
FACS Analyses
Adherent target cells were removed by 0.05% Trypsin and 0.1% EDTA, washed, and counted by a hemocytometer. Cells were distributed into multiple Eppendorf tubes with at least 0.5-1 Â 10 6 cells per tube. Cells were washed with phosphate buffered saline (PBS) containing 1% FCS and 0.025% Sodium Azide (FACS buffer). For internal FACS staining, cells in the Eppendorf tubes were permeabilized with 1:10 diluted FACS Permeabilizing Solution 2 (BD BioSciences, San Jose, CA) for 10 minutes at room temperature and then washed twice with ice cold FACS buffer. Then, they were incubated either without (for second antibody control) or with 1 mg/tube of bioreactive supernatants of mouse MUC16 monoclonals for 30 minutes on ice. For surface FACS staining, cells were incubated either without (for second antibody control) or with 1 mg/tube of bioreactive supernatants of MUC16 monoclonals (9B11.20.16, 9C9.21.5.13 and 4H11.2.5), Mouse anti-human OC125 (M3519), Mouse anti-human M11 (M3520) (DakoCytomation, Dako North America Inc., Carpinteria, CA) or VK8 (kindly provided by Dr Beatrice Yin and Dr Ken Lloyd, MSKCC, New York, NY) for 30 minutes on ice. Cells in Eppendorf tubes were also surface stained with 1 mg/tube of nonspecific isotype matched control mouse antibodies (13C4 for IgG1 and 4E11 for IgG2b monoclonals obtained from MSKCC Monoclonal Core Facility) and incubated on ice for 30 minutes. All cells were washed 3 times with FACS buffer. Cells were incubated with 1 mg/tube of second antibody Goat antimouse IgG1-PE or IgG2b-PE for 30 minutes on ice and then washed 3 times with FACS buffer. The cells were analyzed by a Peptide 1 near Cleavage Site: NFSPLARRVDRVAIYEE Peptide 2 before Transmembrane: TLDRSSVLVDGYSPNRNE Peptide 3 inside Transmembrane: CGVLVTTRRRKKEGEYNVQQQ FIGURE 1. Three MUC16 carboxy terminus peptides were synthesized at the MSKCC Microchemistry Core Facility. Peptide 1 is near the putative cleavage site, peptide 2 is before the transmembrane, and peptide 3 is the internal peptide, which is inside the transmembrane.
FACS Calibur machine at the MSKCC Flow Cytometry Core Facility.
Western Blot Analysis
Stable cell lines were cultured in 10 cm dishes in their respective culture media and incubated with 5% CO 2 at 371C for 3 days. They were washed twice with ice cold PBS to remove the serum-containing media. Adherent cells were scraped with 1 to 2 mL of ice cold PBS, and the cells were spun down in an Eppendorf tube at 41C in an Eppendorf centrifuge. Supernatant was discarded, and the cells were lysed with 0.2 mL of modified Ripa lysis buffer (20 mM Tris-HCL; pH 7.4; 150 mM NaCl; 1% NP-40; 1 mM Na3VO4; 1 mM PMSF; 1 mM DTT; 10 mg/mL leupeptin; and 10 mg/mL aprotinin) for 30 minutes on ice and spun at 41C for 10 minutes. The soluble solution was separated into a tube, and the debris pellet was discarded. Protein concentration was measured using the Bio-Rad Protein Assay (BioRaD Laboratories, Hercules, CA).Equal amounts of proteins (GST-MUC16-CD-fusion protein or stable cell line extracts) were separated by sodium dodecyl sulfate polyacrylamide gel electrophoresis and transferred to nitrocellulose membrane using a BioRad transfer apparatus in a cold room at 41C. The membranes were blocked with 3% bovine serum albumin (BSA) in PBS with 0.1% Tween-20 (PBST) at 41C overnight. Membranes were probed with primary antibody (1:1000 dilution) for 1 hour at room temperature and then washed 3 times with PBST. Then the membranes were stained with corresponding second antibody, anti-Mouse IgG Horse Radish Peroxidase linked whole antibody from sheep (GE Healthcare, UK) (1:5000 dilution), for 1 hour at room temperature. Membranes were washed 3 times with PBST and developed with a Western Lightning chemiluminescence reagent (ECL, Perkin Elmer, Waltham, MA) for 1 to 5 minutes at room temperature, and the signals were developed on Kodak BioMax Film.
Binding and Internalization Studies With Monoclonal Antibodies and OVCAR3 and SKOV3 Stable Transfectants
Purified monoclonal antibodies were labeled with 131 I using the iodogen method and purified by size exclusion chromatography. 22 Saturation binding studies were conducted with radiolabeled antibodies using substrates of intact OVCAR-3 cells. Briefly, 10 test solutions were prepared (in triplicate), and they contained increasing amounts of the radioiodinated antibodies, 3 to 500,000 cells in a total volume of 500 mL of PBS (0.2% BSA; pH 7.4). The cells were isolated by rapid filtration through a glass fiber membrane and washed with ice cold tris buffered saline. Cells were counted in a gamma counter with standards of total activity added. For each concentration of radiolabeled antibody, nonspecific binding was determined in the presence of 100 nM of the unmodified antibody. The data were analyzed with a least squares regression method (Origin, Microcal, Software Inc., Northampton, MA) to determine the K d and B max values, and a Scatchard transformation was carried out.
Antibody cell internalization studies were conducted with 131 I-4H11 and 131 I-OC125 monoclonal antibodies and SKOV3-phrGFP-DMUC16 c334 stable transfected cells. Briefly, radiolabeled antibody (370 MBq/mg, 100 kcpm) in 2 mL of medium was added to SKOV3 cells plated in a 6-well plate. The plates were incubated at 371C for up to 24 hours. At various time points, the medium was removed from 3 wells and the cells washed with 2 Â 2 mL PBS. Cellsurface bound activity was then stripped and collected with 2 Â 2 mL of an ice cold acid wash (100 mM acetic acid 100 mM glycine; pH 3.0). The cells were then dissolved with 2 Â 1 mL 1 M NaOH and collected. At the end of the study all samples were counted with a gamma counter together with standards representing the initial amount of radioactivity added. All the media samples were analyzed by ITLC-SG with mobile phases of 5% TCA to determine unbound 131 I.
Tissue Microarray (TMA)
TMAs were either constructed within our institution or bought from a commercial laboratory, if not available internally. Briefly, core-needle biopsies of preexisting paraffin-embedded tissue were obtained from the so-called donor blocks and then relocated into a recipient paraffin-arrayed ''master'' block by using the techniques by Kononen et al and subsequently modified by Hedvat et al. 23, 24 A manually operated Tissue Arrayer MTA-1 from Beecher Instruments Inc. (Sun Prairie, WI) was used to produce sample circular spots (cores) that measured 0.6 to 1.0 mm in diameter. The cores were arrayed 0.3 to 0.4 mm apart from each other. A layer of control tissues was strategically laid around the actual tissue microarrays to avoid edging effects. The specific composition of each tissue microarray is delineated below. Slides of tissue microarrays for ovarian cancer, prostate cancer, adenocarcinoma of the lung, mucinous neoplasms of the pancreas, and invasive ductal and invasive lobular breast carcinoma were prepared by cutting 4 mm sections from formalin-fixed paraffin-embedded tissue. Normal adult and fetal tissue microarrays were obtained from a commercial source (Biomax, US). OVCAR3 cells were used as positive controls.
Immunohistochemistry
Immunohistochemistry was done on the tissue microarrays with both standard OC125 (Ventana, Tuscon, AZ) and the novel monoclonal antibodies. Sections of the tissue microarrays were cut at 4 microns, placed on Superfrost/Plus microscope slides (Fisher brand), and baked in a 601 oven for at least 60 minutes. The slides were then deparaffinized and hydrated to distilled water, soaked in citrate buffer at pH 6.00 for 30 minutes at 971C, washed in running water for 2 to 5 minutes, incubated for 5 minutes in 3% hydrogen peroxide diluted in distilled water. Slides were washed in distilled water for 1 minute, transferred to a bath of PBS, pH 7.2, for 2 changes of 5 minutes each and placed in 0.05% BSA diluted in PBS for a minimum of 1 minute. After drying around tissue sections, normal serum was applied at a 1:20 dilution in 2% BSA/PBS and incubated for a minimum of 10 minutes at room temperature in a humidity chamber. The serum was then suctioned off without allowing the sections to dry, and approximately 150 lambda of novel antibody at a dilution of 1:1000 was placed on the tissue. The slide was incubated overnight (approximately 15 to 18 h) at 41C in a humidity chamber. Primary antibody was washed off using 3 changes of PBS for 10 minutes each. Secondary antibody, biotinylated a-mouse from Vector laboratories (Burlingame, Ca), was applied at 1:500 dilution in 1% BSA/PBS and incubated for 45 to 60 minutes at room temperature in humidity chamber. The antibody was washed off again using 3 changes of PBS as above. Streptavidin from DAKO was applied to the slides at a dilution of 1:500 for 60 minutes followed by the same washing procedure as after the secondary antibody. Slides were then transferred to a bath of diaminobenzidine diluted in PBS for 5 to 15 minutes. The slides were then washed in tap water for 1 minute, counterstained using Harris modified hematoxylin (Fisher), decolorized with 1% acid alcohol and blue in ammonia water, dehydrated with 3 changes each of 95% ethanol, 100% ethanol and xylene for 2 minutes each, and coverslipped with permanent mounting medium.
Immunohistochemistry Scoring
Commercially available antibodies, such as OC125 and M11, target complex glycosylation-dependent epitopes. Our hypothesis is that glycosylation may be tissue specific; therefore, it was important to examine the utility of the peptide-directed antibodies in paraffin-fixed tissues and survey the prevalence of MUC16 expression. The 3 candidate antibodies, 4H11, 9C9, and 4A5, were characterized using OVCAR3 cell line pellets. Of the 3, the 4H11 antibody showed the strongest, most diffuse, and consistent staining pattern at multiple dilutions with the least amount of background staining and, therefore, was optimized for use in human tissues in the pathology core facility.
Using 4H11, we stained and scored positivity using tissue microarrays from high-stage, high-grade ovarian serous carcinomas (Fig. 2) , these tumors being the most common type of ovarian cancer representing approximately 80 to 85% of all ovarian carcinomas in Western industrialized nations. 25 To test the specificity of the novel antibody, we also stained tissue microarrays of cancers of the prostate, lung, breast, and pancreas and compared their staining intensities with that of OC125 monoclonal antibody (Supplemental Figure 1A -D, Supplemental Digital Content 1, http://links.lww.com/AIMM/A1). To determine whether there would be any cross-reactivity with normal human tissues, the antibodies were also tested on normal human adult and fetal TMAs.
All of the stained sections were reviewed by a reference pathologist (KJP). A subset of cores for which there was equivocal staining was also independently scored by a second pathologist (RAS) to ensure consistency in scoring methods. Only cytoplasmic and/or membranous staining was considered positive. If a portion of the cell showed membranous staining, that was considered partial staining. A scoring system was devised to provide a semiquantitative assessment of staining distribution and intensity in individual cores. At the same time, it was designed to be useful for comparing the staining distribution and intensity between OC125 and the novel antibodies. The score incorporated the percentage of cells, the intensity, and pattern of the staining according to the following standards: score 0: no staining; score 1: <5% strong or weak; score 2: 5% to 50% strong or weak; score 3: 51% to 75% strong or 51% to 100% weak; score 4: 76% to 99% strong; and score 5: 100% strong staining (Fig. 3) . The pathologist first reviewed all tissue microarrays stained with OC125 and scored each core. Then, the same cores stained with the novel antibodies were scored 1 to several days after OC125 without reference to the earlier results. Direct comparison of the scoring between the stains for each core was made only after all of the scoring was completed. The same process was used for all nonovarian tissue microarrays. After comparison, core staining was determined to be concordant, equivocal, or discordant based on the point differentials. Concordant cores differed by 0 to 1 point, equivocal cores differed by 2 points, and discordant cores differed by 3 to 5 points. The exception to this rule was when the difference of 1 point was between a score of 0 and 1, in which case, the differences were considered equivocal. This was to truly separate negative cases from even focally positive ones.
RESULTS
MUC16-directed monoclonal antibodies were isolated by ELISA-based screening using both the individual peptides and recombinant GST-DMUC16 c114 protein followed by sequential subcloning for single-cell clones. The identified monoclonal antibodies are listed in Table 1 and include those derived from peptide 1 (9B11), peptide 2 (9C9, 4H11, 9C7, 5C2, 28F7, and 4A5), and peptide 3 (31A3). Each of the selected monoclonal antibodies was reactive against GST-DMUC16 c114 . As expected, the commercial MUC16-directed antibodies (OC125, M11, or VK8) did not bind to GST-DMUC16 c114 in ELISA or Western blotting. The clones were tested in FACS against OVCAR3 ovarian cancer cells and in Western blot analysis against GST-DMUC16 c114 ( Table 2) and selected, purified monoclonal antibodies were isolated.
Characterization of Anti-MUC16 Monoclonal Antibodies
We used the OVCAR3 wild type and the SKOV3 cells transduced with phrGFP-DMUC16 c114 to characterize the selected antibodies by FACS analysis. All of the selected monoclonal antibodies bound to both cell lines, whereas commercial VK8, M11 and OC125 antibodies bound to the OVCAR3 cells but not to the SKOV3-phrGFP-DMUC16 c114 cell line. The antibodies against peptide 3 required permeabilization, as it is an internal epitope (Supplemental Figure 2 , Supplemental Digital Content 2, http://links.lww.com/AIMM/A2).
Western blot analysis using the GST-DMUC16 c114purified protein showed strong binding with 4H11 and 9C9 antibodies (Fig. 4A) , whereas the other selected antibodies showed less binding. The SKOV3-phrGFP-DMUC16 c114 transfectant was also positive by Western blot analysis using 4H11 and 9C9 antibodies (Fig. 4B ). As before, the commercial antibodies did not interact with the GST-DMUC16 c114 -purified protein or cell lysates of the SKOV3-phrGFP-DMUC16 c114 cell line. The binding of 6 monoclonal antibodies against OVCAR3 MUC16 were examined in affinity binding studies. Three antibodies-9C7, 5C2, and 28F7-showed only modest levels of binding compared with the nonspecific binding of these antibodies to the OVCAR3 cells, which carry large numbers of MUC16 binding sites. In contrast, 4H11, 9C9, and 4A5 monoclonal antibodies showed highly specific binding affinity, as shown in Figure 5A with binding affinities of 6.8 to 8.6 nM against the cell surface epitopes of OVCAR3 cells. We also examined the internalization of antibody bound to cell surface MUC16 protein. We examined internalization in the transfected SKOV3-phrGFP-DMUC16 c334 cell line that bears the carboxy terminus of MUC16, including the FIGURE 3. Immunohistochemical scoring of OC125 and 4H11 on tissue microarrays of high-grade ovarian serous carcinoma. Only membranous and/or cytoplasmic staining was considered positive. Score 0: No staining; Score 1: <5% strong or weak; Score 2: 5 to 50% strong or weak; Score 3: 51 to 75% strong or 51 to 100% weak; Score 4: 76 to 99% strong; Score 5: 100% strong. A, OC125 (Score 0); (B) OC125 (Score 1); (C) OC125 (Score 2); (D) OC125 (Score 3); (E) OC125 (Score 4); (F) OC125 (Score 5); (G) 4H11 (Score 0); (H) 4H11 (Score 1); (I) 4H11 (Score 2); (J) 4H11 (Score 3); (K) 4H11 (Score 4); (L) 4H11 (Score 5).
4H11 epitope and a single degenerate tandem repeat sequence to interact with the OC125 antibody. The commercial antibodies OC125, M11, and VK8 all bind to the cell surface of this transduced cell line. The 131 Ilabeled 4H11 showed rapid internalization at a high level, whereas 131 I-labeled OC125 antibody was internalized at a much lower rate (Fig. 5B ).
Immunohistochemistry Results
Given their highly specific binding affinities, the antibodies 9C9, 4A5, and 4H11 were characterized for utility in immunohistochemistry using OVCAR3 cell lines. Of the 3, the 4H11 antibody was selected to be optimized for use in human tissues based on its robust sensitive and specific staining pattern as compared with the other 2 antibodies.
Ovary
Two high-stage, high-grade ovarian serous carcinoma tissue microarray slides composed of 419 cores representing primary, metastatic, and recurrent tumors from 40 patients were stained with both OC125 and 4H11 monoclonal antibodies (Fig. 2) . The OC125 tissue microarrays showed 279 (66%) cores with 3 to 5 staining, 99 (24%) with 1 to 2 staining, and 41 (10%) with no staining. The 4H11 tissue microarrays showed 236 (56%) with 3 to 5 staining, 91 (22%) with 1 to 2 staining, and 92 (22%) with no staining. The 2 antibodies were concordant in 233 (56%) cores, equivocal in 161 (38%), and discordant in 25 (6%). Of the 25 discordant cores, 12 (48% of discordant cases, 3% of all cases) showed greater 4H11 positivity than OC125. Nine were discordant by a difference of 4 points, and 3 were discordant by a difference of 5 points. There was a total of 186 discordant and equivocal cores together, 48 (26%) of which showed greater staining with 4H11 than OC125. The staining pattern of both 4H11 and OC125 was cytoplasmic and membranous, although the membranous pattern of OC125 was stronger and better defined than 4H11 in the majority of cases. Discordant cases showed higher levels of 4H11 than other cases.
Breast Cancer
A variety of other tissues were also examined for 4H11 staining to test the antibody's specificity. Of the 50 cores of invasive ductal carcinomas of the breast (number of patients unavailable), only 2 (4%) showed a score of 4 or greater 4H11 staining and none had scores of 3 to 5 for OC125 staining. The staining pattern with OC125 was mostly apical/luminal with some granular cytoplasmic staining. Some tumors with intracytoplasmic lumina also picked up the OC125 stain. 4H11 showed a more diffuse cytoplasmic blush without membranous accentuation.
In contrast, the invasive lobular breast carcinoma tissue microarray (composed of 179 cores with viable tumor; number of patients unavailable) had frequent MUC16 staining with 4H11. In this tissue microarray, 168 cores (94%) showed no staining for OC125, 5 (3%) showed 1 to 2 staining, and only 6 (3%) showed a staining intensity of 3. 4H11 staining was different in its distribution pattern with 49 (27%) showing no staining, 81 (45%) showing 1 to 2 staining, and 49 (27%) showing 3 to 4 staining. Neither OC125 nor 4H11 had cores with a staining intensity of 5. The staining pattern was of cytoplasmic, luminal/membranous, or intraluminal for both OC125 and 4H11. The intraluminal pattern was strong and intense for both stains and highlighted the intracytoplasmic lumen that is commonly present in lobular carcinomas. The concordance rates were 34% concordant, 43% equivocal, and 23% discordant. Of the equivocal and discordant cases, there was none in which the OC125 was greater than the 4H11. All 42 discordant cases and 76 of 77 equivocal cases had 4H11 greater than OC125. There was also focal luminal staining with 4H11 in benign breast ducts and lobular carcinoma in situ.
Lung, Pancreatic, and Prostatic Adenocarcinomas
Tumors from other organs were not reactive with either antibody. The lung adenocarcinoma TMA had 237 cores from 86 patients containing viable tumor. In the pancreatic TMA, there were 92 cores from 21 patients containing pancreatic mucinous tumors, including intraductal papillary mucinous neoplasms and invasive ductal carcinomas. In the prostate cancer TMA, there were 169 cores (number of patients not available). None of these cancer tissue microarrays had significant binding to either OC125 or 4H11. This information is summarized in Table 3 .
Normal Tissues
There was no staining with OC125 or 4H11 in normal adult colon, rectum, ectocervix, small intestine, ovary, liver, pancreatic ducts, spleen, kidney, and skin. OC125 and 4H11 both stained endocervical glands (OC125 luminal, 4H11 weak cytoplasmic), esophageal glands (luminal), bronchial epithelium (OC125 luminal, 4H11 intracytoplasmic granules), and thymic corpuscles (cytoplasmic). 4H11 showed weak to moderate staining of the gastric glands, particularly at the crypts with an intracytoplasmic granular pattern. Other organs that showed punctuate intracytoplasmic staining with 4H11 only were prostate, seminiferous tubules of the testes, and the islet cells of the pancreas. The staining in the pancreatic islets cells was particularly strong and consistent. There was also nonspecific staining of liver, kidney, and brain with 4H11. There were no cases that stained with OC125 and not 4H11.
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Similarly, there was no staining with either OC125 or 4H11 in fetal heart, gallbladder, colon, small intestine, liver, rectum, adrenal, thyroid, spleen, skin, bone, epididymis, brain, lung, muscle, smooth muscle, kidney, eye, umbilical cord, and placenta. OC125 only stained thymic corpuscles in a pattern similar to that in adult tissue. 4H11 stained both fetal pancreatic endocrine cells and endocervical glands in a similar pattern to that of their adult counterparts. Islet cells showed a granular cytoplasmic pattern, and endocervical glands showed a linear luminal pattern that was more similar to the OC125 pattern in the adult tissue.
DISCUSSION
The expression of the MUC16/CA125 antigen has long been associated with gynecologic tissues. CA125, although it is not sensitive or specific enough to be used as a general screening tool, is routinely used to monitor patients with ovarian carcinoma. The tests used to measure CA125 are antibody-based detection methods, as are the immunohistochemical stains routinely analyzed for diagnostic purposes. The epitope specificity of 26 antibodies to MUC16 was studied in the first report from the International Society of Oncodevelopmental Biology and Medicine TD-1 Workshop, and the application of 22 antibodies to immunohistochemistry was reported in the second report from the TD-1 workshop. 7, 21 The existing antibodies were grouped as OC125-like, M11-like, or OV197-like and all of the known antibodies recognized CA125 epitopes in the repeating, glycosylated elements in the external domain of the tethered mucin MUC16 distal to the putative cleavage site.
This released external domain contains 16 to 20 tandem repeats of 156 amino acids, each with potential glycosylation sites. An apparent cysteine-based disulfide loop of 19 amino acids is present in all repeats, and the N-terminal end contains a hairbrush structure that is heavily O-glycosylated. 11 The deduced size would be 2.5 MD for the protein part and, with added carbohydrates, this could increase to 5 MD. 10, 26 OC125, M11, and most other antibodies prepared against ovarian cancer cell extracts are directed at these complex, glycosylation-dependent antigens. These antigens are exclusively present in the shed portion of MUC16 and cannot be used to follow the biology of the proximal portion of MUC16 and may not accurately reflect tissue distribution, as the glycosylation patterns can vary substantially among tissues. The identification of antibodies directed against proximal sequences in the peptide backbone of MUC16 provides important new tools for the exploration of ovarian cancer biology.
We have developed novel antibodies that are directed at that noncleaved, nonglycosylated peptide backbone of MUC16. Both 4H11 and 9C9 react with peptide sequences in the noncleaved ectodomain of MUC16 and are detectable on the surface of ovarian cancer cell lines and in paraffin-fixed tissues from human ovarian cancer surgical specimens. The antibodies show high affinity and are readily internalized by ovarian cancer cells when bound to the ectodomain of MUC16. This suggests that the proximal portion of MUC16 has an independent biology from the more distal, cleaved portion of the mucin. It also suggests that the proximal portions of MUC16 could provide convenient targets for diagnostic and therapeutic interventions. Targeting the peptide backbone of MUC16 could provide highly specific tissue delivery for genetically engineered cells, liposomes, or antibody conjugates.
Antibodies, such as 4H11, may also prove to be useful as tools in immunohistochemistry. 4H11 seems to be relatively specific to high-grade ovarian serous carcinoma. Invasive lobular breast carcinoma is the major exception and shows extensive MUC16 protein, as detected by 4H11. Lobular carcinoma of the breast has unique biology which is characterized by a propensity to metastasize to serosal surfaces. 27 As MUC16 is the cognate binding partner of mesothelin, this may have important implications for lobular cancer. 28 The discordance rates for OC125 and 4H11 also suggest that 4H11 might provide additional, independent information from OC125 in a small subset of ovarian carcinomas. Some tumors that are negative with OC125 retain cytoplasmic Score 0: 0% staining; 1: <5% strong or weak; 2: 5-50% strong or weak; 3: 51-75% strong or 51-100% weak; 4: 76-99% strong; 5: 100% strong. and extracellular portions of the MUC16 glycoprotein, portions of the molecule that are likely involved in transduction of signals potentially important in the malignant phenotype.
In conclusion, we have shown the development and characterization of novel monoclonal antibodies that react to the tethered peptide backbone of the complex MUC16 protein. This could have important diagnostic and therapeutic implications in the management of human ovarian carcinoma.
